Abstract. The present study describes the case of a 48-year-old man who was diagnosed with lung adenocarcinoma with an epidermal growth factor receptor (EGFR) 21 L858R mutation. The patient received surgery and adjuvant chemotherapy. When multiple lung metastases appeared, icotinib was administered. Following resistance to icotinib, biopsy by endobroncheal ultrasonography for a right lung hilar lymph node revealed transformation to a neuroendocrine morphology. Neuron-specific enolase (NSE) levels were elevated, accompanied with disease progression following transformation to the neuroendocrine morphology. The post-operative and biopsy specimens were analyzed for 416 genes using next-generation sequencing, and phosphatidylinositol-3-kinase catalytic α mutation and retinoblastoma loss were evident. Five cycles of etoposide combined with cisplatin were administered and a partial response was achieved. The disease progressed again accompanied with an elevated NSE level, and bronchoscopy examination revealed small cell lung cancer (SCLC) after 3 months. The patient received chemotherapy consisting of irinotecan combined with carboplatin for two cycles and achieved stable disease. Overall, a secondary biopsy is important for the evaluation of genetic and histological changes and the selection of an appropriate treatment following tyrosine kinase inhibitor (TKI) resistance, and NSE may be useful for the early detection of SCLC transformation in cases that are resistant to EGFR-TKI therapy.
Introduction
Lung cancer, including small-cell lung cancer (SCLC) and non-SCLC (NSCLC), which is mainly comprised of adenocarcinoma, squamous cell carcinoma and large cell carcinoma, is the most common type of malignancy and the leading cause of cancer-associated mortality worldwide (1) . Adenocarcinoma is the most common type of NSCLC, and epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI) therapy, including erlotinib, gefitinib or icotinib, is the gold standard of treatment for EGFR-mutant lung adenocarcinoma (2-4). The incidence of EGFR mutation in NSCLC in 2005 was higher in East Asian populations when compared with the incidence in other ethnicities (30 vs. 8%) (5) . Patients with lung adenocarcinoma harboring exon 19 deletions achieved longer progression-free survival (PFS) and overall survival time (OS) compared with those with L858R mutations (6) . However, patients ultimately develop acquired resistance, and the most recently identified mechanism for this is transformation to SCLC (7). Ahn et al (8) reported six cases of transformation from lung adenocarcinoma to SCLC. Erlotinib, gefitinib, afatinib and icotinib were equally as efficient as each other but exhibited different efficacy-toxicity patterns (4). EGFR-TKI-resistant SCLCs are differentiated early from the lung adenocarcinoma clones that harbor completely inactivated retinoblastoma 1 (RB1) and TP53 (9) . Molecular mechanisms involved in the transformation from NSCLC to SCLC include TP53 mutations, RB1 loss, lack of EGFR expression and MYC amplification. The most studied signaling pathway is the achaete-scute homolog 1 (ASCL1) which is regulated by four different neurogenic locus notch homolog (NOTCH) receptors. NOTCH alterations promote ASCL1 and CD56 overexpression (9) . These changes induce cyclin-dependent kinase 5 (CDK5) activity and inactivation of RB by phosphorylation (9) . The present study reports a case of acquired resistance to icotinib therapy through transformation to SCLC. The results implicate that a secondary biopsy is important to clarify the mechanism of TKI resistance, and NSE may be useful for the early detection of SCLC transformation in cases that are resistant to EGFR-TKI therapy. Table I ; Secondary antibody: EnVision FLEX/horseradish peroxidase; dilution, ready-to-use; cat. no., K8000, Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) (11-13) markers were as follows: Thyroid transcription factor 1 (TTF-1)(+), Napsin A(+), synaptophysin (Syn)(-) and chromogranin A(-). The patient received six cycles of adjuvant carboplatin/gemcitabine intravenously (1.6 g gemcitabine on days 1 and 8, and 100 mg carboplatin on days 1, 2 and 3, every three weeks for one cycle) chemotherapy without complication, but at 37 months post-surgery, presented with a metachronous solitary left lower lobe nodule, detected by computed tomography, and underwent a wedge resection. The tumor was ~0.9x0.8x0.7 cm, without interlobar lymph node metastasis. The pathological diagnosis using the aforementioned method was of invasive adenocarcinoma (mainly papillary accompanied with an acinar pattern; Jan 30, 2013) and was detected to harbor an EGFR 21 L858R mutation according to amplification refractory mutation system detection, as previously described (14) . The patient subsequently received four cycles of pemetrexed (1,000 mg on day 1, every three weeks for one cycle). After 10 months, the patient received icotinib treatment (125 mg thrice daily) due to multiple lung metastasis, detected by computed tomography, and a complete response was achieved. After another 19 months, multiple lung metastases appeared again and the right lung hilar lymph node was determined to be enlarged on surveillance by computed tomography (Fig. 1A and B) . Biopsy by endobroncheal ultrasonography for the right hilar lymph node revealed transformation to neuroendocrine carcinoma (Sep 20, 2015) and the following immunohistochemical results (Primary antibody in Table I ): Cytokeratin (CK)(+), TTF-1(+), CK7 (weak positive), Ki-67(+, 40%), CD56(+), carcinoembryonic antigen (CEA)(-), Syn (weak positive), CK5/6(-), P40(-), chromogranin A(-) and Napsin A(-). The staining analysis was performed as described previously (11) (12) (13) . The post-operative and biopsy specimens were analyzed for 416 genes by next-generation sequencing, and phosphatidylinositol 3-kinase catalytic α (PIK3CA) mutation and retinoblastoma (RB) loss were found (Table II) . Neuron-specific enolase (NSE) level was elevated when transformation to neuroendocrine carcinoma occurred. A total of five cycles of intravenous etoposide (180 mg/d1) combined with cisplatin (45 mg day 1, day 2, day 3, every three weeks for one cycle) were administered and a partial response was achieved ( Fig. 1C and D) . Disease progression occurred accompanied with an elevated NSE level after 6 months ( Fig. 1E-H) , and bronchoscopy examination revealed SCLC in the right upper lobe (Mar 16, 2016). The patient received intravenous chemotherapy consisting of irinotecan (120 mg on days 1 and 8) combined with carboplatin (600 mg on day 1) every three weeks for two cycles, and achieved stable disease for two months (Fig. 1I-L) . Subsequently, the patient was followed up once, 2-3 months later. The patient succumbed in April 2017 due to deterioration of the condition. Pathological results of the patient at different times during the study period is presented in Fig. 2 . The changes in NSE and CEA concentration are presented in Fig. 3 . The sequence of anticancer treatments is presented in Table III . The patient provided written informed consent for the publication of the present study. 
Discussion
A number of mechanisms of acquired resistance to EGFR-TKI therapy in EGFR mutant lung adenocarcinoma have been described, including the EGFR T790M mutation, EGFR amplification, MET gene amplification, PIK3CA mutation and transformation to SCLC (7) . Transformation of adenocarcinoma to SCLC in patients with somatic EGFR mutations as the TKI therapy resistance mechanism has previously been reported (15) , and the percentage of transformation from adenocarcinoma to SCLC was identified in 14% of cases (7) . Analysis of tumor samples and cell lines derived from resistant EGFR mutant patients revealed that RB is lost in 100% of such SCLC transformed cases, but rarely in those that remain NSCLC (16) . The gene detection in the present patient following icotinib resistance also revealed RB loss and the appearance of a PIK3CA gene mutation. It is currently indicated that combined-histology tumors and transformation occur more frequently in lung cancer types with EGFR-activating mutations compared with EGFR wild-type tumors. The reason for this may be that the cell of origin of certain EGFR-mutant adenocarcinomas, type II alveolar cells, also have the potential to become SCLC (17) . Mixed EGFR-mutant NSCLC/SCLC histology has been reported in a number of cases, indicating a certain degree of dynamic plasticity between the two histologies in specific cases, without the selective pressure of the EGFR TKI (18) (19) (20) . The present case was verified as an adenocarcinoma, and not combined SCLC, through surgical resection and transformation from adenocarcinoma to SCLC following icotinib resistance. A secondary biopsy is important in order to evaluate the genetic and histological changes, and to select an appropriate treatment for TKI resistance. In the present patient, a secondary biopsy and gene detection were performed in order to permit the use of a more rational therapy. It is occasionally difficult to perform a second biopsy, and so NSE level may be useful for the early detection of transformation to SCLC in cases that are resistant to EGFR-TKI therapy. NSE could potentially overcome the limitations of performing biopsies on single lesions, which may miss the transformation of another metastatic lesion into SCLC (21) (22) (23) (24) . It was concluded that a secondary biopsy was important for the evaluation of genetic and histological changes and the selection of an appropriate treatment following TKI resistance, and that NSE may be useful for the early detection of SCLC transformation.
